In this paper, we prove the Hyers-Ulam stability of the following mixed additive-quadratic Jensen type functional equation:
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Introduction
In 1940, Ulam [1] proposed the stability problem of functional equations concerning the stability of group homomorphisms. Suppose that ( )
,
G ⋅ is a group and that ( ) 2 , G * is a metric group with the metric ( ) The case of approximately additive functions was solved by Hyers [2] under the assumption that G 1 and G 2 are Banach spaces. In 1978, Rassias [3] proved a generalization of the Hyers theorem for additive mappings. The result of Rassias has provided a lot of influences during the past more than three decades in the development of a generalization of the Hyers-Ulam stability concept. This new concept is known as Hyers-Ulam-Rassias in which ⊥ is an orthogonality relation, is first investigated by Gudder and Strawther [13] . In 1985, Rätz [14] introduced a new definition of orthogonality by using more restrictive axioms than Gudder and Strawther. Moreover, he investigated the structure of orthogonally additive mappings. Rätz and Szabό [15] investigated the problem in a rather more general framework.
In [16] , Kenary and Cho proved the Hyers-Ulam-Rassias stability of mixed additive-quadratic Jensen type functional equation in non-Archimedean normed spaces and random normed spaces. In this paper, we prove the Hyers-Ulam stability of the following mixed additive-quadratic Jensen type functional equation:
in multi-Banach spaces.
The notion of multi-normed space is introduced by Dales and Polyakov [17] . This concept is somewhat similar to operator sequence space and has some connections with operator spaces and Banach lattices. Motivations for the study of multi-normed spaces and many examples are given in [17] . Also, the stability problems in multi-Banach spaces are studied by Dales and Moslehian [18] , Moslehian et al. ([19] - [21] ) and Wang et al. [22] . Now, let us recall some concepts concerning multi-Banach space.
Let ( )
, E ⋅ be a complex normed space, and let k ∈  . We denote by E 
for each x E ∈ , and the following axioms are satisfied for each k ∈  with 2 k ≥ :
In this case, we say that ( ) ( ) , :
Suppose that ( ) ( ) , :
∈ is a multi-normed space and take k ∈  . We need two properties of multi-norms which can be found in [17] .
is a Banach space for each k ∈  ; in this case, (
, :
∈ is a multi-Banach space. Now, we state two important examples of multi-norms for an arbitrary normed space E (see, for details, [17] ).
Example 1.2 ([17])
The sequence ( )
is a multi-norm called the minimum multi-norm. The terminology "minimum" is justified by property (b).
be the (non-empty) family of all multi-norms on { }
E k∈  , which is called the maximum multi-norm. We need the following observation which can be easily deduced from the triangle inequality for the norm k ⋅ and the property (b) of multi-norms. Lemma 1.4 [17] Suppose that k ∈  and ( )
in E is a multi-null
Let x E ∈ . We say that the sequence { } n x is multi-convergent to x in E and write
if { } n x x − is a multi-null sequence. There are several orthogonality notations on a real normed space available. But here, we present the orthogonal concept introduced by Rätz [14] . This is given in the following definition. Definition 1.6 Suppose that X is a vector space (algebraic module) with dim 2 X ≥ , and ⊥ is a binary relation on X with the following properties: 1) Totality of ⊥ for zero: The pair ( ) , X ⊥ is called an orthogonality space (resp., module). By an orthogonality normed space (normed module) we mean an orthogonality space (resp., module) having a normed (resp., normed module) structure. 3) x * is the unique fixed point of J in the set
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Throughout this section, let 0 α > , E be an orthogonality space and let ( )
n n F n ⋅ ∈ be a multi-Banach space. For convenience, we use the following abbreviation for a given mapping :
x y E ∈ with x y ⊥ .
Hyers-Ulam Stability of Functional Equation (1): An Odd Case
In this section, using direct method, we prove the Hyers-Ulam stability of the functional Equation (1) 
Theorem 2.2 Suppose that α is a nonnegative real number and
:
, , , , sup :
3) and dividing both sides by 2 n , we get ( ) ( ) ( ) ( )
n i
x i k ⊥ =  . By using (2.4) and the principle of mathematical induction, we can easily get ( ) ( ) ( ) ( ) 1   1   2  2  2  2  , ,  sup  2  2  2  2   2  2  2 2  2  2  1  , ,  sup  2  2  2  2  2   2  2  2 2  2  2  , ,  2 2 2
where we have used the Definition 1.1 and also replaced 1 
is a Cauchy sequence and so it is convergent in the multi-Banach spaces F. Set
∈ . Hence, for each 0
n n ≥ . In particular, by property (b) of multi-norms, we have
We next put 0 n = in (2.5) to get
Letting m → ∞ and using Lemma 1.4 and (2.6), we obtain
Let , x y E ∈ and x y ⊥ . Considering Definition 1.6, we have 2
in (2.1) and divide both sides by 2 n . Then, using property (a) of multi-norms, we obtain ( ) ( ) 1   2  2  2  2  2  2  2  2  2  2  2  2  2  2 n n n n n a a a a a n n n n n n
for all , x y E ∈ and x y ⊥ . Taking n → ∞ , we get ( ) ( )
x y E ∈ and x y ⊥ . Since f is an odd mapping, according to the definition of A, we know that A is an odd mapping. By Definition 2.1, the mapping A is an orthogonally additive mapping.
If A′ is another orthogonally additive mapping satisfying (2.2), then
This completes the proof.
Hyers-Ulam Stability of Functional Equation (1): An Even Case
In this section, we prove the Hyers-Ulam stability of the functional Equation (1) 
Theorem 2.4 Suppose that α is a nonnegative real number and
, , , , sup
for all 1 1 , , , , , Then it is easy to show that ( ) , S d is a generalized complete metric space (see [5] , Lemma 2.1). We now define an operator :
J E E → by ( ) ( )
